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Gene expression, central to life processes, is intrinsically a stochastic process involving low copy number of biomolecules. Our real-time assay allows probing of low copy number proteins in single live cells not accessible by current technologies. This approach, together with other emerging single-molecule techniques (35) , will yield further insight into not only gene expression but also other fundamental biological processes. Easter Island (Rapa Nui) provides a model of human-induced environmental degradation. A reliable chronology is central to understanding the cultural, ecological, and demographic processes involved. Radiocarbon dates for the earliest stratigraphic layers at Anakena, Easter Island, and analysis of previous radiocarbon dates imply that the island was colonized late, about 1200 A.D. Substantial ecological impacts and major cultural investments in monumental architecture and statuary thus began soon after initial settlement.
W
ith an empty landscape containing gigantic statues and other cultural achievements, Easter Island, or Rapa Nui, symbolizes an isolated civilization that once flourished but suffered ecological catastrophe. Central to understanding the cultural, ecological, and demographic processes that shaped Rapa Nui_s prehistory is the establishment of a reliable chronology for the island. Here, we provide radiocarbon dates from deposits likely to represent the earliest occupation on the island and evaluate previous 14 C dates to show that Rapa Nui_s prehistoric chronology is later than has been commonly assumed.
Early Polynesians colonized Fiji, Tonga, and Samoa in the central South Pacific about 2800 years ago. Accumulating evidence shows that continued expansion from Samoa-Tonga into eastern Polynesia (e.g., Cooks, Societies, Marquesas, and Hawaii) did not occur until after 800 A.D., although notably longer chronologies have been suggested and debated (1) (2) (3) . Many eastern Polynesian sites once considered centuries older have been shown to be consistently younger (4, 5) . For example, it is now thought that New Zealand was colonized after 1200 A.D., about 400 years after the date that has long been assumed (6) . This date has been confirmed by radiocarbon dating of seeds gnawed by the Polynesian rat (Rattus exulans) (7), clear evidence of human presence because rats are commensal species.
Smith (8) (12) . Recent studies have highlighted sources of error that may render radiocarbon chronologies from both archaeology and paleoenvironmental work erroneously old (3) . Indeed, a recent analysis has shown the anomalous dating of bulk sediment samples from the lake cores of Rapa Nui (13) . The lake core sediment dates reflect the continuous deposition of both old and young organic components, resulting in dates that are too old by hundreds of years (14) . This makes the present radiocarbon dates of bulk sediment from lake cores problematic, at least in terms of generating high-resolution paleoenvironmental reconstruction for Rapa Nui.
Recently questions have arisen about the long chronology. In an analysis compiling over 120 radiocarbon dates for the island, MartinssonWallin and Crockford (15) (table S1) rejected the early Poike date and questioned the validity of dates from 400 to 800 A.D. These authors concluded that dates before 800 A.D. were unreliable, but they accepted radiocarbon ages from 800 to 1200 A.D. and concluded that colonization dated to the beginning of that period (15) .
Over the past two field seasons (2004 and 2005) on Rapa Nui, we excavated primary, in situ, and deeply stratified archaeological deposits at Anakena (figs. S1 to S6). Anakena is the island_s only sand dune and provides a stratified context of archaeological materials with superb preservation. In 2004 and 2005, we excavated an area of 14 m 2 containing 12 distinctive strata to a depth of more than 345 cm below surface (figs. S2 to S6 and table S2). The basal layer of these strata was clay substrate with an in situ primeval soil (paleosol) containing artifacts, charcoal, faunal remains (including R. exulans, introduced by Polynesians), and the distinctive tubular root molds of the giant, extinct Jubaea palm (also designated Paschalococos disperta). Below this horizon, the remaining stratum of clay was entirely devoid of cultural materials. Thus, the basal cultural layer preserves evidence of the initial human occupation at Anakena and, given the environmental context, probably the primary occupation for the island (15, 16 To establish a chronology for the Anakena Dune strata, we obtained eight radiocarbon dates on wood charcoal samples (Table 1) . We selected small wood charcoal specimens (i.e., from shortlived taxa) acquired from the same stratum or from directly superimposed strata. Pairing samples from stratigraphic contexts in this way allows for replication in radiocarbon assays. These radiocarbon results are consistent with stratigraphic superposition; they overlap in age at two standard deviations and document human occupation beginning about 1200 cal A.D. These late dates from Anakena led us to question the longer chronologies widely accepted for Rapa Nui.
Following primary criteria from the protocol established by Spriggs and Anderson (4, 6) and further developed among radiocarbon specialists (17), we compiled 45 published radiocarbon dates reported as older than 750 yr B.P. (uncalibrated radiocarbon years) for Rapa Nui (table S1). This age approximates the earliest radiocarbon values from our recent excavations at Anakena, but use of this younger age allows us to consider a large pool of radiocarbon results. By using the general approach of Spriggs and Anderson (4), we rejected dates on only three criteria: (i) those measured on unacceptable materials such as marine materials or terrestrial animal bone, which can be grossly affected by incorporation of old carbon from the marine reservoir effect and can have variable or poorly known correction procedures (3, 4, 18) ; (ii) samples of mixed isotopic fractionation (e.g., mixed charcoal and soil); and (iii) single radiocarbon dates not replicated with overlap at two standard deviations from the same archaeological context, albeit here broadly defined by stratum or adjacent strata. We used fewer criteria than Spriggs and Anderson (4), making our sample of dates more inclusive but more vulnerable to the acceptance of dates that are erroneously old. Applying these criteria, we have a sample of 11 radiocarbon dates of 750 yr B.P. or older: eight from excavations at Anakena, including our own, and three dates from Bagricultural features[ (15) (Fig. 1 and table S1 ). The calibrated probability distributions of these radiocarbon ranges (19, 20) center around 1200 cal A.D. and all overlap at two standard deviations, with only a single determination (T-6679) yielding a long, flat calibrated range of low probabilities from 657 to 1180 cal A.D. (2s).
The assemblage of 11 calibrated dates are age probabilities that, when aggregated, estimate a cumulative probability for the target event of the first human colonization of Rapa Nui (Fig. 2) . The distribution shows that a 0.50 confidence, a better than chance estimation, is not reached until 1222 cal A.D. for the date of initial occupation of Rapa Nui. The error terms of these radiocarbon estimates permit earlier settlement; however, the chance in probability terms remains low. For example, the available dates show that a settlement event by 1050 A.D. has an aggregate probability of 0.0017 and a cumulative probability of only 0.24, i.e., possible, but less likely in the overall distribution. Additional radiocarbon dates will likely change the probability distribution and could reveal colonization of Rapa Nui sometime slightly earlier than 1200 A.D. (e.g., circa 1050 to 1150 A.D.).
These dates postdate by 700 to 800 (12) or at least 300 to 400 (15) years from the widely accepted human chronologies for Easter Island. Yet, a date of about 1200 A.D. for the colonization of Rapa Nui fits well with the evidence that has emerged for colonization from elsewhere in the southeastern Pacific (4, 5), including remote islands such as Mangareva (21) .
A late chronology challenges our understanding of the dramatic environmental changes that occurred on the island, highlighted by deforestation and concomitant erosion of primeval soils. We anticipate that given the effects of colonization, including introduction of the Polynesian rat, evidence of ecological change such as deforestation will closely mark the time of Polynesian arrival (22) . Forty-one radiocarbon dates directly associated with deforestation from multiple sites around the island (23, 24) (table S3) all fall after 1200 A.D., and most cluster after 1300 A.D. (Fig. 3) . The long chronology (23, 24) requires that Polynesian settlers had virtually no impact on the island_s ecology and maintained an exceptionally low population growth rate for several centuries until a point of abrupt, dramatic human impacts. However, Polynesian Bsupertramp[ populations expanded their numbers over the vast Pacific in a remarkably short time (25) . Indeed, rapid population growth would be critical to successful colonization of remote islands. With even small numbers of initial colonizers (e.g., 50) at 3.0% growth rate (26) , populations would rise dramatically and reach more than 2000 (a density of over 10 people per square kilometer on Rapa Nui) in just over 100 years.
Our analysis and dates for Rapa Nui imply that colonists arrived around 1200 A.D. The founding Polynesian population then grew rap- Fig. 2 . Aggregate (dashed line) and cumulative (solid line) probabilities for 11 calibrated pre-750 yr B.P. dates from Rapa Nui using CALIB 5.0 (19) and the southern hemisphere calibration curve, SHCal04 (20) . The aggregate is the sum of probabilities at any particular point in time. The cumulative probability represents increasing confidence of dating the colonization event in the radiocarbon data set. A confidence of 0.50 is reached at 1222 cal A.D., suggesting colonization by this time. The tail permits earlier settlement (e.g., 1050 to 1150 A.D.), but the probability is very low based on the current radiocarbon record. 
Reward Timing in the Primary Visual Cortex
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We discovered that when adult rats experience an association between visual stimuli and subsequent rewards, the responses of a substantial fraction of neurons in the primary visual cortex evolve from those that relate solely to the physical attributes of the stimuli to those that accurately predict the timing of reward. In addition to revealing a remarkable type of response plasticity in adult V1, these data demonstrate that reward-timing activity-a ''higher'' brain function-can occur very early in sensory-processing paths. These findings challenge the traditional interpretation of activity in the primary visual cortex. P rimary visual cortex (V1) is the most peripheral station in the ascending visual pathway where information from the two eyes is combined, and specific features of visual stimuli, such as orientation and direction of movement, are represented by neural activity (1, 2) . It has long been held that, although the quality of sensory experience is used to finetune visual response properties during a critical period of early postnatal life, plasticity of visual responses in adults is sharply limited so as to ensure that sensory processing is reliable and reproducible. Only after the initial processing in V1 are subsequent brain regions thought to be engaged to elaborate on the significance of visual input, holding it in working memory (3) (4) (5) (6) (7) (8) , attributing behavioral and predictive value (9) (10) (11) (12) , and ultimately engendering appropriate behaviors.
The view of adult primary visual cortex as an immutable feature detector has undergone revision in recent years. It is now understood that deprivation and selective visual experience continue to alter cortical responsiveness in adulthood (13, 14) and that V1 activity can be rapidly modulated in various behavioral contexts (15) (16) (17) (18) . However, all these changes in activity can still be readily interpreted in the context of visual processing. Our experiments challenge current understanding of what activity in V1 represents.
Adult, Long-Evans rats were fitted with headmounted goggles that delivered full-field retinal illumination for 0.4 s to either the right eye or the left eye ( fig. S1a) . Action potentials evoked in response to these stimuli were monitored with chronically implanted arrays of microelectrodes, subsequently confirmed by histology to have resided in the deep layers of primary visual cortex ( fig. S2 ). Either left-or right-eye illumination was delivered when the rat neared a water tube. Left eye stimulation portended delivery of a drop of water after x licks on the water tube ( fig. S1b) , whereas right eye stimulation portended delivery of water after twice that number of licks, 2x, (where x equaled 6 licks for three rats and 10 licks for two additional rats). Half of all the trials were unrewarded, so as to address whether changes in neural response were a result of reward delivery itself, or alternatively, reflected the formation of neural associations between stimuli and reward expectancy. *To whom correspondence should be addressed. E-mail: mbear@mit.edu
